Role of cyclic GMP in the regulation of neuronal calcium and survival by secreted forms of beta-amyloid precursor.
The Alzheimer's disease (AD) beta-amyloid precursor proteins (beta APPs) are large membrane-spanning proteins that give rise to the beta A4 peptide deposited in AD amyloid plaques. beta APPs can also yield soluble forms (APPss) that are potently neuroprotective against glucose deprivation and glutamate toxicity, perhaps through their ability to lower the intraneuronal calcium concentration ([Ca2+]i). We have investigated the mechanism through which APPss exert these effects on cultured hippocampal neurons. The ability of APPss to lower rapidly [Ca2+]i was mimicked by membrane-permeable analogues of cyclic AMP (cAMP) and cyclic GMP (cGMP), as well as agents that elevate endogenous levels of these cyclic nucleotides. However, only cGMP content was increased by APPs treatment, and specific inhibition of cGMP-dependent protein kinase (but not cAMP-dependent kinase) blocked the activity of APPss. A membrane-permeable analogue of cGMP (8-bromo-cGMP) also mimicked the ability of APPss to attenuate the elevation of [Ca2+]i by glutamate, apparently through inhibition of NMDA receptor activity. In addition, 8-bromo-cGMP afforded protection against glucose deprivation and glutamate toxicity, and the protection by APPss against glucose deprivation was blocked by an inhibitor of cGMP-dependent kinase. Together, these data suggest that APPss mediate their [Ca2+]i-lowering and excitoprotective effects on target neurons through increases in cGMP levels.